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PEACTICAL DESIGNINO 



RETAINING WALLS." 



IKXRODUCIOET. 

In designing masonry works there is 
hardly any subject that presents itself more 
frequently than the retaining or revet- 
ment wall ; and in some form or other it is 
found to enter into almost every design. 
To the military engineer no less than to 
1x18 civil brother ia the subject one of im- 
portance and interest, forming as the re- 
vetment wall does, for the most part, a 
component element in works of defence. 
To military engineers in truth is due some 
of the most valuable information that 
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civil engiaeers possess regarding the tteory 
of earth pressure, and although further 
considerations are involved in designing 
revetments for military -worta than the 
mere support of earthwork, there is still to 
be derived from the experiments and re- 
searches of military men information of 
much value to civil engineers. The sub- 
ject 13 one that has received the fullest and 
most able treatment at the hands of mathe- 
maticians, and solutions for every case that 
could possibly occur in practice are to be 
found in our text-books. But the mathe- 
matical investigations of this and many 
other questions of common occurrence in 
practice, unquestionably valuable as they 
are, in determining the principle involved, 
and establishing final rules applicable to 
practice, are, it is believed, but rarely re- 
sorted to by practical engineers. Even 
when such examples have to be dealt with 
by those siifEi'iiently acquainted with the 
mathematical mode of proceeding, they are 
generally solved without hesitation by some 
empirical rule, derived from esperience. 
Such a method may, and doubtless occa- 
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sionally does, lead to aceideat from weak- 
ness, and not unfrequently to clumsy waste 
of material and consequent expense. But 
it is not clear that leas of failure or clumsi- 
ness would result if every retaining wall 
were calculated with mathematical preci- 
sion, for in truth the data involved are so 
variable and imperfect, and the disturbing 
causes are of such a character as to neutral- 
ize to a great extent the accuracy of the 
investigation. With certain specific data 
theorotieal accuracy can always be attained ; 
but the engineer as a rule knows nothing 
with absolute certainty either of the weight 
of the earth he has to sustain in position, 
or of the masonry that he iatenda to adopt 
in doing so. These and other data ho 
must assume before he enters on his caleu- 
lationa ; and though there is not in these, 
as in many other investigatioas, any 
necessity to attempt an extreme degree of 
refinement, which would be inapplicable 
for every-day practice, yet there can be no 
good excuse for dealing with tiie matter by 
hap-hazard and guess-work. 

It is not proposed now to regard with 
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more than a cursory glance the priaciplea 
invoiyed ia determining the strength of 
walls to support earthwork. Such simple 
rulea will be given, as it in hoped will 
serve — due regard being had to the pecu- 
liarities of each particular case — to guide 
the less experienced in designing worts 
of this class. The empirical mode of deal- 
ing with the question is clumsy and un- 
Ecientiflo, whilst the formulse usually given 
are so complicated as to render their appli- 
cation to practice out of the question. 

SPECIFIC CiTSES OP TAILDBE. 

It must not be presumed that the failure 
and destruction of a retaining wall is neces- 
sarily due to the wall being of itself in- 
euf&ciently strong. It may be quite heavy 
enougli to resist the pressure of a bank, if 
due regard be had to the mode of forming 
the earthwork, and to drainage ; but if 
these points be not fairly considered and 
observed at first, a retaining wall of quite 
fluf&cienfc thickness will probably give way 
sooner or later. As much care should ia 
fact be devoted to the method of basking 
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np and draining a -wall, as to the calcula- 
tion of its section ; for indeed if these mat- 
tors be disregarded, no retaining wall, pro- 
perly so called, can be implicitly relied 
upon to stand. With the exception of one 
particular ease, which will be noticed here- 
after, walls are designed on the assump- 
tion that they are to support a dry 
material — or one, at any rate, not per- 
meated by water — and that the material is 
to be deposited in such a manner as to 
have no predisposition t» slide against the 
wall. It is, of course, also presumed that 
the wali shall be of fair workmanship and 
mat«rials, and where these points cannot 
be relied upon, as is sometimes the case, 
especially in foreign works, some allow- 
ance should be made in the dimensions of 
the wall. It has not nnfrequently hap- 
pened that a retaining wall will have stood 
for a considerable number of years without 
showing any appearance of yielding, and 
yet will give way suddenly and completely, 
without apparent cause. Such failures can 
generally be accounted for by the fact of 
the wall not being designed to resist a 
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Q pressure, and never having been 
tried fully till the time of ita destruction. 
Much apparent anomaly is observed in the 
way that retaining walls are found to fulfil 
the purpose for which they are designed : 
for whilst some will yield, others of less 
dimensions will continue to stand ; such 
apparent inconsistency giving occasion for 
ingenious theories, most of them entirely 
unsupported by fact or experience. The 
truth is, that imperfect drain^e, defective 
foundations, or rotten work will account for 
almost every conceivable case of failure. 



The first and simplest case of a retaining 
wall to be considered ia that in which the 
pressure of water has to be counteracted; 
not indeed that the question in such a form 
belongs strictly to the subject under notice ; 
but it nevertheless becomes absolutely the 
method of determining the strength of walls 
for certain positions. It not unfrequently 
happens, as in somo hydraulic worts or 
with the wing-walls of aqueducts, that the 
infiltration from behind, which is not al- 
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ways avoidable, may produce such a pres- 
sure aa no retaining wall properly so called 
could be expected to bear. With this Tiew 
the engineer's limit of safety will be attain- 
ed when the structure is designed to sus- 
tain the full hydroatatie pressure. The 
pressure of water upon any plane surface 
immersed is known to be eqiml to the area 
of that surface, multiplied by the d^th of 
its centre of gravity below the level of the 
water, and by the weight ofaunit of water. 
Generally spealcing the unit adopted iu cal- 
culation is a foot ; and the unit of water 
being taken at a cubic foot, weighing 62.5 
lbs., the resulting product, from the multi- 
phcation of the three quantities, will give the 
pressure in pounds on the surface immersed. 
Let it be supposed for simplicity that water 
to the depth of 10 ft. has to be sustained 
by a vertical rectangular wall. It is usual 
to take but 1 ft. length of the wall for the 
calculation, though it will not affect the re- 
sult whether 1 ft. or 100 ft be the length 
assumed. We then have the Kurface under 
pressure = 10 sq. ft., the depth of the 
centre of gravity ;= 5 ft., and the weight of 



I , Google 



10 

a cubic foot of water ^= 62.5 lbs. ; the pro- 
duet of which quaatitiee give us 3,125 lbs., 
thepressure on 1 ft. length of the wall. But 
this pressure is not the whole of the force 
that the wall has to resist ; the leverage 
that it exerts must also be taken into ac- 
count. In the example uader considera- 
tion — namely, that of a vertical plane, with 
one of its sides coinciding with the surface 
of the water, as in Fig. 1. — the whole of 
the pressure is so distributed as to be equal 
to a single force acting at a point one-third 
of the depth from the bottom. Thus the 
total force to be resisted by the wall is 
3,125 X 3-33 = 10,416, which is the mo- 
ment tending to overturn the wall. 



r EBSISTiNCE TO OTEETUESING. 

It 13 evident that a certain weight of 
wall must bo opposed to this overturning 
forc6 ; and as the height of the wall and 
the length are determined quantities, the 
thickness alone remains for adjustment. 
But as a rectangular wall in upsetting is 
considered to turn upon a single point, F, 
Fig. 1. — namely, the outer line of the foot 
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of tte wallj there will be a certain amount 
of leverage to assist the wall in resiBting 
the pressure of tlie water. This leverage is 
the horizontal distance of the ceatre of 
gravity of the wall from the turning point 
F, and when the structure is rectangular 
and vertical, it is equal to half the thick- 
ness. The amount of the waits resistance 
will then be equal to the number 0/ cubic 
feet in one foot of its length, multiplied by 
the weig/U of a single cubic foot of masonry, 
and by half the thickness of the wall. 
Taking w = the weight of a cubic foot of 
water = 62,5 lbs., w' ^ the weight of a 
cubic foot of masonry, say 112 lbs. ; x ^ 
thickness of the wall, and A = the height ; 
tbe condition of simple stability will be ful- 
filled when 

m' X 'i X * X ■!-= w X ft X 4 X 4 tl> 



and solving for x we get 

The thickness of the wall = 4 ft. 4 ii 
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A eimple example Las be 
illustration, but of course a rectangular 
sectiou of wall would not be found gener- 
ally applicable in practice, nor -would it be 
expedient to limit the dimensions of a re- 
taining wall of whatever kind to the mini- 
mum that would Hustain the pressure ; 
some margin of safety mcst therefore be 
allowed, to cover inferior work and materi- 
als. It is true that no account has been 
taken of cohesion, which, if the wall be 
founded on rock or concrete, maybeassum- 
ed to add to its stability about 7,000 lbs, 
for every square foot of base. In addition 
to this, practice seema to indicate an increase 
on the calculated thickn and n the 

■example the mean widtl m ght b au 
mented to 5 ft., the stab 1 fy b g furth 
increased by altering th t n f m a 

rectangle to a battering ^ U w th if ta at 
the back. 

A good general rule f th dim n a 
of a wall designed to suj.p t wat ea th 

in a semi-fluid condition will be — 
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Top breaath = 0.3 
Middle do. -=0.5 
Bottom do. = 0.7 

The height being represented by unity. 

Proceeding to the consideration of walla 
for the eupport of dry earth, it will be found 
that the quostiou is one that will in general 
require the engineer to exerciae Lis judg- 
ment, to determine what angle of repose he 
■will base his ealculatioo upon. The natural 
slopes assumed by earths of different tena- 
city are so various, that an average figure 
cannot be adopted with safely ; the calcula- 
tion of preaaure from earth, in fact, depends 
essentially on this point, and a disregard of 
it will lead to very doubtful results. The 
following are a few of the slopes assumed 
by different materials, but it is probable 
that the engineer's judgment will be of 
more service than any table in deciding the 
angle of repose. The examination of a dis- 
trict in which woi-ks are intended to be 
carried out will always suffice to satisfy the 
designer of the nature of the material that 
he is dealing with, and may enable him to 
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proportion his works very nearly to the re- 
qniretnente of safety and economy : — 

Angle of reposft Slope, 
Drv Band, clay and mised fFrom B"" .. 1.33 lo 1* 

^rth \ toai" .. 2.62 to 1 

Damp clay 45" ..1 to 1 

Wet day T™ U" " l^ Z] 

/From 48" 



Shingles and gravel . . 






o SS" , 



To wbich might be added as a Bpecial fea- 
ture London clay ; it appears under the in. 
fluenee of weather to be exceedingly un- 
stable, slipping away to almost any angle 
of repose. 



It has been ascertained by M. Prony that 
when a vertical wall sustains the pressure 
of a bank of earth the top of which is 
horizontal, the maximum horizontal pres- 
sure to which the wall can be subjected will 
be reached when the plane of fracture of 
the earth bisects the angle that would be 
formed were the earth to slope from the 



I , Google 



15 

foot of the wall backwards at the natural 
inclination. This fact is somewhat striking, 
for it ■would appear at first sight, and waa 
for long assumed, that tho angle of fracture 
ought to coincide with the natural slope of 
the earth ; such is, however, not really the 
case. If wo suppose the angle made be- 
tween the sloping plane and the vertical to 
be bisected, the prism of earth enclosed be- 
tween the bisecting plane and the wall will 
represent the mass, the pressure of which 
hag to be resisted ; and this being the max- 
imum, pressure that a horizontal topped 
bank ia capable of exerting, it is usually 
the point to be determined. 

Eeferring to Fig. 1, the principle of 
earth pressure will readily be understood. 
Supposing the plane of rupture to bisect 
the angle c — which will be the case when 
the pressure is a maximum — the prism cut 
off will be the whole weight that the wall 
will have to sustain. Taking this prism 
for a ebgle imit of length or thickness, the 
superficial area wOl represent the cubic 
contents. But the area of the triangle, 
taking h as the height of the wall, will be 
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h' (an. J c 

c being the angle contamed between the na- 
fnral slope of the earth and the back of the 
walL It is only necessary to multiply this 
value by w, the weight of a cubic foot of the 
bank, to get the total weight of the prism. 




This prism of earth is then like any other 
body resting upon an incliaed plane ; which 
in this case is the plane of rupture. It is 
sustained in position by the wall on ono 
side aud by the fixed portion of the bank 
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on the otlier ; and may be regarded as a 
solid mass of material without motioa 
amongst it3 parts. The line K M repres- 
ents the direction of the force of gravity, 
and the lines K L and K the pressures 
exercised against the ■wall, and the force of 
the baak respectively. These pressures 
produce a certain amount of friction against 
the wall and the bant, but, as the friction 
against the wall does not materially affect 
the question, the friction of the bank alone 
13 considered, and taten into account in 
arriving at the following formula ■which 
applies to the case of a vertica! wall sup- 
porting a bank with a horizontal- topped 
bank : — 

Having calculated the pj'esswre of the earth, 
the next sfjsp will be to determine its mo- 
inent to overturn the ■wall, and this can be 
ascertained, as in the case of water, by 
multiplying the pressure by one-third of 
the wall's height. This having been de- 
termined the next consideration will be, 
what weight of wall will suffice to sustain 
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it ; and the method of arriving at this is 
similar for the most part to that adopted 
for water. Taking, as above, the moment 
of the wal! to resist the pressure, the fol- 
lowing equation will represent the condi- 
tions of stability : — 

And solving for x, the thickness of the wall, 



^^/'- 



If the weight of a cubic foot of earth bo 
taken equal to a cubic foot of the wall, the 
value will be— 

wtich would give a thickness of 2.69 ft. for 
a rectangular wall of 10 ft. high eupporting 
a bank of earth, the angle of repose being 
taken at 40 deg. The average weight of 
brickwork and ordinary clay will generally 
be nearly the same ; but if great accuracy 
be desired, and the respective weigHts of 
the materials be known, the genera! formu- 
la No. 4 must be used. 
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The following table gives the weight per 
cubic foot ia pounds avoirdupois of such ma- 
terials as come under our consideration in 
solving questions relative tx) retaining walls : 
Weiftbt of a 



Sand — dsnip .. 

Marl 

CUy 

Gravel , 

Brick 

Brickwork .". . 

Masonry 

Mortar 



Having so far considered the first two 
cases, namely, those of a wall supporting a 
horizontal-lopped bank of earth in a semi- 
fluid condition, and also in a state of com- 
parative dryness, the next example that 
suggests itself to our notice for esamination 
is that of a partial retaining wall, or a wall 
&om the top of which the bank slopes away 
for a certain height — called the surchai^e 
— either at the natural slope of the earth or 
at a less inclination. Such mode of con- 
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struotion ia of very oommon ( 
dwarf walls being frequently adopted on 
railway works where tlie cuttings or em- 
bankments are of considerable height, and 
when carefully designed are found to effect 
a saving of expense, both in construction 
and in the item of land. In cuttings the 
walla are carried up to such a height as 
economy dictates, and the slope is then 
trimmed back at the proper ajigle. Pimi- 
larly with embankments, the walls are so 
disposed as to cut off the foot of the elope. 
In either case a little consideration will suf- 
fice to show whether the saving of earth 
and land area will cover the cost of the re- 
taining walls. In military works, as well 
as civil, the partial revetment is very com- 
monly used, being, indeed, a component 
part of almost every system of fortification. 
The first particular case belonging to this 
class, though not of the commonest occur- 
rence in civil practice, is when a partial re- 
taining wall supports a bank, the face of 
whieli slopes back at an angle less than the 
natural slope of the earth. As M. Prony'a 
rule, that the plane of rupture bisects the 
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angle between the natural slope of the earth 
and the baefe of the wall, only holds good 
when the surface of the bank is at right an- 
gles to the plane of the wall, another mode 
of determining the angle for the maximum 
pressure must be resorted to. The simple 
construction giTcn in the note enables ua to 
arrive at the maximum pressure for a wall 
at any given batter, with the surcharge 
above sloping at any inclination. The 
equation arrived at ia the expression for the 
maximum horizontal pressure : 

the angle c being that between the back of 
the wall and the natural slope ; Q =^ the an- 
gle made by the face of the bank with the 
plane of the wall ; and <p =• the angle be- 
tween the plane of rupture and the back of 
the wall. The value fore — will be found 
in the note. Taking, for example, a verti- 
cal wall of 10 ft. high, supporting a bank 
that slopes back at an inclination of 20 deg. 
with the horizon, the natural slope being 
40 deg., the value of tan. (c. — 0) will be 
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.4610; iaaerting this value and ■working 
out the e<juatLon., we arrive at a pressure of 
2,100 lbs. against the back of the wall. 

I'm the case of a revotment sustaining a 
surcharge the centre of pressure will be, as 
itt the former case, at one-third of the height 
of the wall, giving a leverage of 3.33 feet. 
Thia gives 2,100 Iba. X 3-33 = 6,993, the 
moment of the earth tending to overturn 
the revetment. Equating this value to the 
taoment of the wall, taking the cube foot of 
brickwork at 112 lbs,, the same weight 
as the earth, and solving for x the thick- 
ness, we find it to be 3.53 ft. 



The next case to be considered is one of 
much more frequent occurrence in practice 
than that just mentioned ; it is a partial re- 
taining wall supporting a surcharge of earth, 
sloping away at the natural inclination, 
and terminating in a horizontal plane above. 
CutfJngs and embankments partly supported 
by masonry works furnish familiar ex- 
amples of this, which is denominated the 
" definite surcharge." The most convenient 
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method of determing the thioiness of wall 
in this instance will be to consider, first, the 
conditions of stability for an infinitely long 
siope, which, however, can only_[have a. 

Fig. 3. 




theoretical existence; and having arrired 
at the thickness of wall necessary to support 
Buch a bank, a simple reductioE will giva 
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tlie thiekaeas required when the length of 
Blope is limited. 

It has been mentioned that when a verti- 
cal wall sustaiaa a bank with a horizontal 
top, the plane of rupture for the maximum 
pressure is found to bisect the angle be- 
tween the natural slope and the vertical. 
It 19 also an ascertained fact, that as the 
angle of the surcharge increases, the angle 
^, or that between the plane of rupture and 
the back of the wall, also increaeea ; until 
the face of the bank slopes at the natural 
inclination of the earth, and then the plane 
of rupture becomes parallel to it. From 
this it would appear that when the slope is 
infinitely long— a condition that could not 
exist in practice— the pressure will also be 
infinitely great ; but sucli ia not really the 
case. The ratio of the pressure of a bank, 
whatever its inclination, to the pressure 
exerted by an embankment level with the 
top of the wall can never exceed 4 ; 1. The 
formula, then, for finding the maximum 
horizontal pressure exerted by an infiuiteSy 
long slope against a vertical wall will 
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P.^--.l...c . . (7) 

the notation being exactly the same aa in 
the other oases. If we work this pressure 
out, using the same values for w, h, and e, 
aa taken above, we shall find P=:3,281 
lbs. 

Now for the leverage : we have, as in 
every other case, simply to divide the height 
of the wall by 3, which in our example 
gives 3.33 and the moment to overturn the 
wall = 3,281 X 3.33=10,925. Proceeding 
in the same manner as before, the width of 
a wall of brick to counterbalance an infi- 
nitely high bank sloping at the natural 
inclination, will be found to be 4.43 ft. 

When the surcharge is very high as 
compared lo the height of the wail, no re- 
duction of the thickness will be necessary, 
for practically the slope may be considered 
infinite ; but when the hank does not over- 
top the wall by a great height it will be 
Well to apply the following formula to as- 
certain the corrected thickness. Let /t^ 
baight of wall=10 ft., /j'=heightof sut- 
chai^e above the wall, which we shall take 
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at 20 ft., (=thiokn9ss of wall to support a 
horizontal bank, aa found in the first case 
=2.69 ft., T=the thickness of a wall for a 
20 ft. surcharge, ('^thickness for indefinita 
slope aa found=:4.43. Working this out 
the thickness is found to be 408 ft. 



So fer we have considered the casea of 
more usual occurrence ia practice, namely 
those ia which the back of the wall is verti- 
cal or stepped, which is practically the same 
thing, For the calculation of leaning walls- 
the reader is referred to the general formu- 
las (A) and (B) given in the note ; from the 
latter formula the horizontal resistance of 
any bank, supported by a wall at any angle, 
of inclination, can be ascertained, and the 
leverage being in every case taken at one- 
third of the height of the wall, there will be 
no difficulty ia designing a wall of such a. 
sectiou as will resist the pressure of the 
bank effectually. 

The point to be kept in view is the mo- 
ment of the wall, and this must be made 
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to exceed the masimum overturning force 
of the embankment. It will not suffice to 
equalise the moment of the .earth's force to 
e of the wo.ll, as has been done 



in the examples aliovc , a certain excess of 
resistance will bo necessary, and this can 
easily be attained by giving the wall a 
batter, or else sloping it back so as to throw 
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the centre of gravilj of the laaaa as far 
back as possible, in a horizontal direction 
from the outer line of the foot of the wall. 
Tbe line of the centre of gravity must not> 
however, be allowed to fall inside tbe base 
of the wall, otherwise the stabihty of the 
structure will become dependent on the 
support of the bank, and will have a ten- 
dency to slide away from its position. 

It has been stated, and taken for granted, 
that banks of earth, when they destroy re- 
taining walls, do so by turning them over ; 
this is, however, not invariably the case. 
It has occasionally happened that walls 
have been moved bodily forward, sliding on 
their base. Such an occurrence is certainly 
accidental, and is probably the result of the 
wall having been founded on an unstable 
material, perhaps on an inclined bed of 
moist and uncertain soil. WaDs have also 
given way in rare instances by the upper 
courses of tbe structure yielding to pressure, 
breaking off and falling oveif; a contin- 
gency that is probably duo to the upper part 
of the bank becoming suddenly chained 
with water, and exercising an undue prea- 
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sure on the wall before there is time for the 
^vater to drain away. These must be le- 
garded as rare contingencies, arising out of 
some defect of the foundations, or backing ; 
and cannot affect the consideration of the 
waU'e stability generally. Tlie theory of 
the wall being turned over on its base pro- 
vides for the greatest trial to which the 
structure can be subjected, or, in other words, 
the -wall would as a general rule give way 
under a much less pressure by falling over, 
than would be required to overcome fric- 
tion, and move the wall forward in its en- 
tire state ; if therefore the structure is con- 
sidered as having to withstand the over- 
turning force, it will always be strong 
enough to resist being pushed forward. 

EETAININO WALL WITH CTrETEB SATTEE. 

A form of retaining wall commonly met 
with in practice, especially in brickwork 
structures, is that with a curved batter, 
stepped in offsets at the back. The curve 
usually adopted is the arc of a circle, the 
radius of which is from 2| to 3 times the 
wall's height; and the centre of the curve 
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iH aa a nile in the same horizontal plane as 
the top of the wall. In such struotures the 
courses are made to radiate from the centre, 
and the result is that tie joints of the 
brickwork at the back are thicker than is 
either necessary or advisable. When the 
radius of curvature is large, the increase of 
i inconsiderable, but it becomes 
n objection when the curve is a 
short one ; for the thickness of the wall will 
not become reduced in the same proportion 
as the height or as the radius of curvature. 
The dimensions of a wall of this kind may 
be determined with sufficient accuracy, by 
first considermg it as a leaning wall at a 
given i-bpe, and u'lmg the general formula 
(6), and in this manner a very close ap- 
prosimation t j the tnicknesa may be arrived 
at. Theie are, it is true, specific formulie 
given by some authors for determining the 
thickness of curved walls, but they are too 
complex for application in practice. The 
effect of the curvature will be to add to the 
wall's stability by bringing the centre of 
gravity farther in. towards the bank, and 
this, indeed, is the only advantage that the 
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curved form possesses ; it is difficult to cob- 
struol; and oonaequently expensive ; for the 
saving of material, if any, is very trifling. 
In architectural effect it certainly has no 
advantage over the wall with a straight 
batter, for the simple reason that it does 
not convey the same idea of strenglh. If 
the curved wall is supposed to derive any 
additional stability from its curvature, on 
the principle of the arch, as some have 
fancied, it must be recollected that an arch 
■with but one abutment is a very unstable 
iind of structure, and such kind is simply 
what the curved retaining wall is. Quays 
and river walls may, indeed, be designed of 
a curved form with advantage, for such will 
allow of ships coming closer to the brink, 
than they could were the wall a straight 
one. And sea walls, also, are not unfre- 
quently built of a curved section on the face, 
this form being under certain circumstances 
better adapted than a straight wall to resist 
the force of waves. 

In situations where a retaining wall has 
but one purpose to fulfil — that of sup- 
porting a bank of earth — ll io uaudl to give 
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the base of the wall a certain amount of 
inclination to the horizontal, the slope Vie- 
ing perpendicular to the batter of the face ; 
or if the wall have a curved batter, the 
plane of the base will simply radiate from 
the centra of curvature. Such mode of 
construction is calculated to increase the 
frietional stability, for it brings the thrust 
of the earth from bebind more nearly per- 
pendicular f« the bearing surface. 

COrNTEEEOETa. 

Counterforts are frequently constructed 
at the back of retaining walls, and, al- 
though generally approved of, appear to be 
a somewhat doubtful mode of distributing 
material. Mr. Hosking, in a paper read 
before the Institute of Civil Engineers, 
deprecates their use and, with some reason, 
advocates the use of ribs or arches from 
wall to wall. These ribs seem to have been 
suggested by the cast-iron beams used to 
support the falling wa!h on the London 
and North Western Eailway between 
Euston Station and Primrose Hill. Mr. 
Hosking proposes that his arches of brick 
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should pass completely over the road, and 
that they should consist on plan of a pair 
of flat archea placed back to back. Such 
an arrangement would doubtless prove 
effective, and the expediency of adopting it 
■would evidently be determined by the cost 
of the work and the value of land adjoin- 
ing — a mode of construction in common 
use in metropolitan works, and iu other 
situationa where land is very valuable, is 
that shown in Fig. 4. It consists of a soriea 

Fig. 4. 




of buttresses and inverts, the convesily of 
which latter is opposed to the thrust of the 
backing. 8nch a distribution of material 
la most suitable in situations where the 
projection of the buttresses is not found 
inconvenient. In quay and river walls it 
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■would not answer of course to liave any 
such projection, as the near approach of 
ships and boats is an essontial considera- 
tion. 

The distribution of the material in the 
form of counterforts is attended with a 
slight saving, and where buttresses would 
be inadmissible on account of their en- 
croaching on the roadway, counterforts 
may be adopted. They have at least one 
use, that they oppose more friction to the 
earth than a plain wall, and, being easy of 
construction, are productive of but little 
additional expense. In order to ascertain 
what additional mean thickness a wall de- 
rives from the oounteribrts, it is only neces- 
sary to multiply the length of the counter- 
Jort by it3 mean, width, and divide the 
product by the distance from centre to 
centre of two counterforts. The form and 
dimensions of counterforts vary with cir- 
cumstances, the narrow and deep disposi- 
tion of the material being probably the best 
as a. general rule. The late Lieutenant 
Hope, of the Eoyal Engineers, conducted 
some interesting esperimeuts on the eta- 
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bility of retaining walla generally, and ar- 
rived at tlie conclusion that a thin wall, 
■with frequent thin counterforts, was the heet 
arrangement of the material. 

Two points of importance relative to coun- 
terforts demand particular attention — the 
first, that they should be built simul- 
taneously with the wall ; and the second, 
that the wall should be well bonded into 
the counterforts, otherwise they detract from 
the wall's strength, instead of augmenting 
it. It is evident that without some special 
system of bond, counterforts reducing the 
thickness of the wall, as they are generally 
understood ixt do, must prove detrimental 
rather than advantt^ous ; but if plenty of 
hoop iron be used, which is not usually the 
ease, counterforts may be made to contribufa 
in a very considerable degree to the stability 
of the wall. In fact, quite as much as but- 



That accidents frequently occur from due 
care not being exercised in the mode of 
backing-up retaining walla is undoubted 
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and indeed to tbis cause alone the majority 
of failures is attributable ; not, as is fre- 
quently anppoaed, to the iasufSeieat section 
of the wall. The drainage of masses of 
earth austained by walls, ia a matter that 
can only be disregarded with risk of ill 
consequences. It is a difficult thing to pre- 
vent surface water from finding its way 
into earth-work, and therefore the simplest 
method of dealing with it will be to provide 
efficient means for ita escape. To this end 
holes or we^ers should be left in the wall 
at different lerels, to relieve it from pressure 
from behind ; and in order to admit the 
surface water to these points of escape, it 
will be advisable to back up the wall with 
dry stone, quarry shivers, or whatever else 
will admit the free passive of water. If a 
■wall be backed up in this way by a rough 
angular material, it will be relieved of al- 
most all pressure &om the earth. Economy 
will, however, generally preclude such an 
expedient in works of considerable extent, 
and then it will be necessary to form the 
embankment with great care, adopting every 
precaution to prevent the fezidency of the 
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earth to slip in the direction of the wall. 
It wilt be evident from the calculation of 
the preBsme exerted by earth, that the less 
the angle of repoae is, the greater wiU be 
the preasure on the wall ; and, as a matter 
of course, any means that will tend to in- 
crease the angle of repose, will relieve the 
wall of a certain amount of pressure. Ef- 
fectual drainage will do much towards this 
end ; but the mode of depositing the earth 
will also affect the angle of natural slope in 
a considerable degree. The same earth 
under different treatment will assume dif- 
ferent slopes ; if dry, it will fall when 
tipped — at a low angle, but if damped, and 
well rammed, will adapt itaelf to a much 
higher one. It has even beea found that a. 
bank when constructed in sucb a manner has 
stood for a considerable time perfectly verti- 
cal. Thebestmodeofbackingawallupwith 
earth will then be, to commence depositing at 
the foot of the wall, and to lay the earth in 
layers inclining against the wall, as shown 
by the dotted hues in Fig. 3, each layer 
being well rammed before another is com- 
menced. This will not only consolidate the- 
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earth, and prevent any shock that might 
occur from sudden settlement, but will in- 
crease the angle of repose, and give the 
earth a tendency to slip away from the wall, 
rather than fowarils it. 



An expedien; tor securing retaining walls 
that is simple and not expensive, is the land 
tie ; it consista of an iron plate, with a rod 
passing through its centre, the plate being 
placed vertically in the bank behind the 
wall, and the end of the rod passed through 
the wall and secured. The holding power 
will depend on the area of the plate, and 
the depth at which it is sunk beneath the 
Burface. But it is evident that, in order to 
act most effectually, land ties should be at- 
tached to the wall at the height of the centre 
of pressure. 

NOTE I. 

The following construction, given by 

Mr. Neville in the "Transactions of the 

Institute of Civil Engineers, Ireland," vol. 

i., shows the method of determining the 
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pressure exerted by a bant, whatever may 
be its iacliuation : 




Let D represent the wall; D E the 
face of the bank sloping at any angle ; and 
C H the line of natural slope. Draw any 
line perpendicular to the line C H, cutting 
the line of the wall produced at A, and also 
a line drawn parallel to the face slope at 
0. On A describe a semicircle. From 
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O. as a centre with tho radius H, de- 
scribe an arc cutting A O in I : draw I C. 
The triangle CDF represents the maxi- 
mum to be resisted. The angle 6 = 6 — 0. 
Tbe complement of the angle of repose 
= p ; and the face C D = A 
fan. (c-^)=(taii. ' J+tan. c tan. 1) j-tan. S. (A) 
PuttingEfor the maximum Ao»'i30M(a^ resist- 
ance, and w for the weight of a cubic 
unit of the bank, the resistance of pressure 
will be 

in which the value (c— ^) found above 
must be substituted. When C D E is a 
right angle we shall have 

E=^J'-fan. ^ic . . (C) 

the equation given in the first part of this 
article ; and that which holds good when 
the slope of the bank is at right angles to 
the face of the wall. 

The following tables calculated by Mr. 
J, H. E. Hart, Executive Engineer of the 
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Bombay Department of Publio Works, are, 
by bis kind permissioii, appended to this 
pamphlet, and will be found very con- 
Tenient for the calculation of Retaining 
Walls. 

Knowing the angle of repose of the earth 
to be supported, and the relative weights of 
the masonry of the wall and of the earth 
per cubic unit, a simple reference to the 
table will give a coefficient, which multi- 
plied by the height will give the requisite 
thickness. For example, supposing a hcrn- 
zontal topped bank has to be supported by 
a masonry wall of 10 ft high, and of twice 
the specific gravity of the earth, the angle 
of repose of the latter being 35 deg. 
Under the fraction |, and opposite to 35 
deg., will be found in Table A the fraction 
,212, which multiplied by 10, the height of 
the wall, gives 2.12 ft., the required mean 
thickness. 
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NOTE II. 

The following graphic method for de- 
termining the preBsure of earth against 
a retaining wall, we take from " Engineer- 
ing ;" 

Eeferring to Fig. 1, let us determine, 
firat, the pressure exerted by the vredgo, 
A, B, C, the angle, B, A, E, being greater 
than ^, the limited angle of resistance of 
the wedge against A, B, which is also 
identical with the natural slope of the 
earth. The friction against the back of 
the wall is neglected. We have now 3 
forces to deal with — namely, the weight 
of the triangle, A, B. C, acting vertically 
through its centre of gravity, and there- 
fore passing through the point c, where 
A, c = ^ A, B ; next, the resistance of the 
plane A, B, the direction of which is in- 
clined at an angle, <5, to the normal to A, 
B ; and, lastly, the thrust against the back 
of the wall acting horizontally through 
c, and cutting A, C in a point, g, where 
A g =.\ A, C. 
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Now, siaco tlie weight of the wedgo, A 
B 0, is proportional to B, the height of 
the wall remaining constant, and the slope 
varying, if we set off <! 6 ^ B, and com- 
plete the triangle of forces, a b will rep- 
resent the thrust against the bact of the 
wall. 

Let us now observe the effect produced 
by altering the slope A B, to A D. 

Construct the triangle of forces de f,a» 

before, making A f= C D, to represent 

Fro. 1. 




e weight of A C D. The angle, ed f,ia 
V greater than the angle a cb,hj the 
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BaiQQ amount tiiat W9 have increased the 
slope of A B to A 1) ; that is to say, the 
angle e df= aci-\- angle DAB. 

Also, the length of 6 c has decreased to 
fd in the ratio of B to C D. 

Supposing now we divide up the angle 

C A F into any aumher of equal angles by 

the radial lines Aj A, A3, etc. {see Pig. 2), 

and imagine the slope of A B to be altered 

Fig. 3. 




to each of these positions successively, Tve 
shall then for each alteration have a new 
triangle of Jbrces ; for instance, in moving 
from the position Aj to A^ the angle b A p, 
of the triangle of forces will increase to c A 
q in the same ratio that the slope of the 
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plane varies, and the side A b will decrease 
to A c in tlie same ratio tliat Cj decreases 
toOj. 

We are tlius enabled to make a diagram 
illustrating the sncceasive changes by a 
cjirve, 6 d c b, K bf K c, K d, etc., being 
respectively equal to 0,, O^, C3, etc. The 
lines b p, c q, d r, e s, and c drawn at right 
angles to A 6, A c, A d, etc., will now re- 
present the thrusts against the back of the 
wall at the different slopes, and it will be 
observed on examining the diagram that 
the position which gives the greatest mag- 
nitude to the line representing the thrust is 
the slope A^, which bisects the angle 
AF. 
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